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Title: Probability-Based Integration of Structural Health Monitoring into the Aging Aircraft Sustainment Program

Program Manager: Dr. David Stargel and Dr. Victor Giurgiutiu (Now at U. South Carolina)

Principal Investigators: Raphael T. Haftka, University of Florida, and Fuh-Gwo Yuan, North-Carolina State University.
Investigator: Nam-Ho Kim, University of Florida.

Contract/Grant #: FA9550-07-1-0018

Grant Period: 12/01/2006 to 11/30/2009

Overall view: The research focused on improvements in diagnosis and prognosis of crack detection through extensive
use of probabilistic techniques. A unique feature of the research is that it identifies the material properties relevant to
damage propagation at the same time that it performs diagnosis and prognosis. As such, it has the potential of turning
aircraft into flying fatigue laboratories and contributing to substantial improvements in the accuracy of aircraft digital twins.
Specific accomplishments are listed below. Item 1 was needed to improve accuracy, item 2 to improve image sharpness,
and item 3 to take full advantage of multiple pairs of sensors of actuators. Together they provide more accurate diagnosis.
Item 4 is the realization of the flying fatigue laboratory concept, and item 5 provides an efficient method that extracts
maximum accuracy in prognosis from the narrowed down material properties.

Together, the research is expected to substantially advance research into making structural health monitoring practical for
Air Force aging planes.

Specific Accomplishments:

1. Developed a frequency-wave number (f-k) migration technique for an imaging the damage in a plate with the
through-the-thickness crack.
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Figure 1(a) Geometry of f-k migration simulation and (b) damage image with a single crack

2. Developed an image segmentation technique for quantifying the damage size using Markov Random Field and
Bayesian statistics.

Linear sensor array Linear sensor array

Damage

Fuzzy tails

Noise

Estimated damage
boundary

(@) (b)

Figure 2 (a) An image by f-k migration and (b) the Bayesian based segmentation

3. Application of Bayesian updating for combining measurements from multiple actuator-sensor pairs for simple
damage detection paradigm.



4.

5.

35

30}

25¢

PDF of m

10}

Develop Bayesian updating to progressively narrow the uncertainty in damage growth parameters in spite of
noise and bias in sensor measurements. Figure 3(a)

Developed a probabilistic model for damage size distribution from the damage imaging and estimated the
distribution of remaining useful life (RUL) using a combination of Bayesian updating and least squares fitting of
damage growth paramaers.
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Figure 3 (a) A very wide initial distribution of the exponent in Paris law for crack growth is successively narrowed as crack
measurements accumulate(b) By combining Bayesian updating and least squares identification of crack growth, the
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